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Abstract 
The natural hydrogeological conditions of an aquifer system, prior to the beginning of groundwater extraction by the 
Tomsk and Seversk water operation, have been studied. Special attention is given to changes in groundwater recharge 
and discharge conditions in response to the pumping. This study considers the hydrogeological features of the main 
aquifer complexes, including their capacity, structure, and chemical composition of waters. 
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1. Introduction 
Currently all developed countries are trying to keep, and whenever possible to increase, available 
water resources. However, there is a constant conflict between resource use and ecological preservation, 
which demands careful management. Russia has huge water resources, which have not been efficiently 
managed. As a result, there are potentially large negative stresses and impacts on the integrity of natural 
ecological systems. 
2. General setting 
Water is supplied to the region of Tomsk and of Seversk by the operation of three large water intakes 
in the Tomsk and Seversk aquifer system. The Tomsk water intake has operated in the territory of the Ob-
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Tom’ watershed since December 1973, withdrawing water from Paleogene deposits to supply drinking 
water to the city of Tomsk. The water intake consists of 198 wells located on three lines. The Seversk
water intake No. 1, consisting of 34 wells, is located on the right bank of the Tom' River and has 
withdrawn groundwater from Paleogene aquifers since December 1959. The Seversk water intake No. 2 
is 4 km east of the city of Seversk and has been in operation since 1970. It withdraws groundwater of 
Paleogene and Upper-Cretaceous water-bearing aquifers and consists of 26 wells [1]. 
2.1. Hydrogeological conditions 
Different regional aquifers were studied. The aquifer complex of Neogene-Quaternary deposits 
includes hydraulically interconnected lake and marsh deposits, floodplains deposits; and ancient lowlands 
that were active depositional areas. The complex is widespread everywhere in the Ob - Tomsk watershed 
and along the right bank of the Tom' River. The upper part of the aquifer is composed of loams, sand and 
clay. The thickness of aquitard clay deposits ranges from 3-10 m in the Tom' River flood plains, to 60-70 
m in the Ob-Tom’ watershed. Water-bearing strata include sand, gravel-pebble deposits, and sandy loams, 
whose thickness ranges from 15 to 45 m. The waters are normally pressured or perhaps weakly over-
pressured when confined. Hydraulic conductivities range up to 2000 m2/d. The chemical characteristics of 
the waters are bicarbonate, sometimes chloride-bicarbonate sodium-calcium, magnesium-calcium, with 
near-neutral and to slightly alkaline pH. Total dissolved solids contents range from 0.1 to 0.6 g/l [2][3]. 
The aquifer complex of Paleogene deposits is the main source of the centralized water supply of 
Tomsk and partially of Seversk. It is composed of sand, aleurites, and clays with entrained layers of 
brown coals and lignites. It is isolated from the Neogene-Quaternary complex by aleurites, clays and 
lignites that are from 1-70 m thick. This aquitard layer is discontinuous, and water flows through sandy 
lithological "windows" downward from the overlying aquifer complex. The aquifer thickness ranges from 
10 to 100 m, and the depth is from 40 to 125 m below the surface. The pressure head ranges from 13 to 90 
m. Most wells produce at least 1 l/s, reaching 3.5-6.5 l/s. Hydraulic conductivity ranges from 100-200 
m2/d on average, with conductivities up to 1000-4000 m2/d in an ancient Tom' River valley. The chemical 
characteristics of the groundwater are generally fresh bicarbonate, rarely including chloride, magnesium-
calcium and sodium, with a total dissolved content from 0.2 to 0.9 g/l. 
The aquifer complex of Upper-Cretaceous deposits is widespread within the characterized area, being 
absent only in a southeast part of Ob – Tom’ watershed. The upper part is composed of clay, wedging out 
in the southern part of the watershed and on the Tom' River right bank, with a thickness from 6 to 17 m. 
The lower part of the aquifer is composed of almost impervious clay. The thickness of the aquifer ranges 
from 20 to 285 m. The pressure head ranges from 70 to 210 m. The chemical characteristics of the waters 
are mainly fresh, bicarbonate or bicarbonate-chloride, calcium-magnesium and calcium-sodium or 
sodium, with a total dissolved solids content from 0.4 to 2 g/l. 
2.2. Conditions of groundwater recharge and discharge 
Infiltrating rainwater provides the bulk of the recharge of underground waters to all the aquifers. 
Hydraulic heads decrease in the direction of the Tom' River, and in places ascending groundwater 
discharges to the river. Near the Tom' River the dynamic of the groundwater levels is defined by seasonal 
fluctuations of river water levels. During times of high river-water levels the groundwater in the alluvial 
water-bearing horizon is recharged, whereas groundwater discharge occurs when the river is low. 
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Figure 1. Drop in groundwater levels of the Neogene-Quaternary water-bearing complex in 2010.
3. Discussion 
Groundwater drawdown from the Tomsk and Seversk pumping operations in the Neogene-Quaternary 
aquifer complex led to a shift of isolines towards a watershed (away from the river) and to formation of a 
cone of depression. For 2008, the maximum reduction of the groundwater level was 4.1 m [3] (fig 1). 
When pumping began in 1973, the natural flow regime of the Paleogene aquifer complex was 
disrupted by the Tomsk water intake. The effect was greater near the pumping stations. Before 1973, the 
flow regime was influenced only by the Seversk water intakes, therefore local cones of depression along 
the Tom' River right bank were limited to local closed hydraulic contours. Operation of the Tomsk water 
intake caused a decrease in water levels in the aquifer that led to shift of the axis of discharge, especially 
in its northern part, in the watershed. The maximum drawdown in 2010 was along a line of pumping 
stations, with a drawdown from natural (pre-pumping) levels from 9.5 to 14 m. As a result of the drop in 
water levels in the aquifer horizons in the valley of the Tom' River, a rather extensive cone of depression 
was formed within which levels of underground waters lie almost horizontally [1, 4-6]. 
Drawdown in the Paleogene aquifer complex had little effect on the recharge and discharge areas, but 
led to a drop in hydraulic head levels in the discharge zone. So, if in 1973 the maximum values of 
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negative hydraulic head differences were limited to a rather narrow strip along the bed of the Tom' River, 
by 2010 this zone has reached the side of Ob – Tom’ watershed and includes the second and third lines of 
the Tomsk water intake. The increase in the difference of hydraulic heads inevitably led to an increase in 
the rate of upward flow of more saline waters from the underlying Upper-Cretaceous aquifer and, as a 
result, to increase of total dissolved content of water in some of the wells, especially in the northern part 
of the second line of the water intake. 
4. Conclusions 
From the discussion above, the long-term operation of the Tomsk and Seversk water intakes has led to 
a decrease in levels of groundwater in the shallow Paleogene and the Neogene-Quaternary aquifer 
complexes, and cones of depression have formed, which in places has led to reversal of flow directions 
and changes in recharge and discharge conditions. 
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